Despite much debate, the question of whether to adopt amount concentration [amount-ofsubstance concentration,`molar units', often taken as synonymous with SysteÁ me Internationale (SI) units] or mass concentration (`traditional units') for reporting the results of quantitative drug/poison measurements in bodȳ uids remains unresolved. Amount concentration and mass concentration are different quantities, but are equally acceptable as SI units. They are sometimes equally acceptable quantities with which to specify composition, although sometimes one or the other has advantages. Surely, therefore, the question is not`is amount concentration better than mass concentration (or vice versa)?', but rather`is it not time that the profession put its house in order?'
PARACETAMOL ± WHY IS STANDARDIZATION NEEDED?
Admittedly, with most analytes little harm results from either choice at present, since all the clinician or pathologist is usually interested in is the analytical result and the`reference range',`target range',`therapeutic window', toxic range', or whatever. With paracetamol (acetaminophen), however, the use of different units in different UK hospitals continues to cause confusion. 2 This is because paracetamol poisoning is common and the decision to give an antidote (in the UK, usually intravenous N-acetylcysteine) requires use of a nomogram relating the plasma paracetamol concentration to the estimated time post-ingestion. Failure to give proper treatment due to confusion over units has resulted in serious morbidity and death, 3, 4 although public airing of such events is rare.
Versions of the nomogram are widely available. The units used for plasma paracetamol include: mg/mL, mg/L, mg/dL [sometimes (erroneously) expressed as mg%], mmol/L and mmol/L. All these units except mg % are equally valid within SI, although there is a convention stating that mg/L, for example, is preferable to mg/mL, and so on. The nomogram published by the UK National Poisons Information Service and adopted by the British National Formulary 5 uses both mg/L and mmol/L. However, junior staff moving between hospitals may get used to one nomogram and ®nd that their next hospital is using different units, thus necessitating use of a different nomogram or a different y axis on the same nomogram.
This problem does not arise in the Netherlands since all hospital laboratories use mass concentration (mg/L) to report the results of emergency paracetamol measurements.
SI OR NOT SI?
Some national bodies decided on`SI conversion' in the early 1970s and embraced the litre as the unit of volume. However, the SI (derived) unit of volume is the cubic metre (m 3 ). The litre (dm 3 ) and a few other units, such as the minute (min), hour (h), etc can be used with SI units, but are not coherent within SI. More recently, we have seen the haematologists abandoning the cubic millimetre (mm 3 ± a sub-multiple of an SI unit) for the litre in the name of`SI conversion'.
The question of which symbol to use for the litre (`l' or`L') remains open: either may be used. Some journals (including this one) favour`L' to avoid confusion with the numeral`1', but capital letters for symbols in SI are supposed to be reserved for symbols named after people. This debate shows no sign of resolution. By all means standardize on the litre (L), but remember that it is not an SI unit and in more complex expressions it may not be apparent where the units cancel out. Molar absorptivity (or molar absorption coef®cient), commonly expressed as L cm 2 1 mol 2 1 , is 10 2 1 m 2 mol 2 1 in SI, for example.
AMOUNT CONCENTRATION OR MASS CONCENTRATION?
The quantities (and their associated SI units) which are important in concentration measurements have been summarized. 6 The mole is de®ned 7 in terms of the base unit of mass:
1. The mole is the amount of substance of a system which contains as many elementary entities as there are atoms in 0´012 kilogram of carbon 12*; its symbol is`mol'. 2. When the mole is used, the elementary entities must be speci®ed and may be atoms, molecules, ions, electrons, other particles, or speci®ed groups of such particles. (*Note: unbound atoms of carbon 12, at rest and in their ground state.)
There is nothing in SI which says amount concentration has to be used if the molar mass of the intended analyte is known ± in fact, the opposite is true if there is doubt as to the precise entity being measured. It seems nonsensical to report plasma or urine arsenic, for example, in mmol/L when total arsenic has been measured since the analyst has no idea of the proportions of the various possible arsenic species present. Similarly, many drugs are present in plasma bound to proteins such as albumin, but total (bound+unbound or`free') drug is usually reported. Some drugs are prescribed as racemates, or undergo racemization in the body, yet few analytical results are generated using chiral methods. These and other concerns over method selectivity and interpretation of results are, we feel, why many analytical toxicologists are reluctant to adopt amount concentration. In general, there seems little advantage to using amount concentration for drugs/poisons except when studying metabolism to products of widely differing molar mass, and there are some disadvantages in attempting to standardize on amount concentration. The various arguments have been explored. 6 In Europe, one area of analytical toxicology which uses amount concentration extensively to report results is occupational/environmental toxicology. However, mass concentration (mg m 2 3 ) is used to report ambient air concentrations of workplace chemicals, pollutants, etc. Blood lead concentrations in occupational health legislation are also often expressed in mass units (UK: mg/dL; Netherlands: mg/L) and this does still cause confusion. A blood lead concentration of 78 mg/L (0´38 mmol/L) was recently reported to a referring laboratory in the Netherlands. This latter laboratory transcribed the result as 78 mmol/L and the patient was subsequently admitted to the Leiden University Medical Center for chelation therapy. The error came to light when the reference laboratory started to monitor the treatment.
One example from occupational toxicology in which reporting results in amount concentration could be helpful is in the biological monitoring of phosphate residues. 8 Organophosphate pesticides are often metabolized to dialkylphosphates such as dimethylphosphate (DMP) and O,Odimethylphosphorothioate. These metabolites differ substantially in molar mass and it was thought that summation of the amount concentration of the various dialkyl phosphates present in a urine sample might provide a helpful index' of organophosphate exposure. However, experience has suggested that more reliable interpretation is obtained when the individual results are reported, especially at low alkylphosphate concentrations when dietary or other sources of compounds giving rise to urinary DMP may make a substantial contribution (J Cocker, personal communication).
The Randomized Asphyxia Study
In the Randomized Asphyxia Study, a solution containing 125 mg/L magnesium sulphate (entity: MgSO 4 ) was speci®ed for administration to babies with severe birth asphyxia. 9 Unfortunately, a hospital pharmacy had supplied 125 mg/L hydrated magnesium sulphate (entity: MgSO 4 .7H 2 O) for the pilot study, but the external contractor used magnesium sulphate (anhydrous) for the main study. Reynolds 2 has correctly claimed that specifying the dose of magnesium ion in mmol/L would have prevented the resulting overdosage, but then again so would have specifying the dose of magnesium ion in mg/mL or g/L. Amount concentration and mass concentration are, after all, simply two different ways of expressing the same composition provided that the`elementary entity' (analyte) is clearly speci®ed.
In the UK, the use of mass concentration (mg or mg per 100mL) for evidential blood or breath ethanol concentrations, respectively, is explicit in the legislation. In the Netherlands, the corresponding units are g/L and mg/L. Some drugs (gentamicin is an example) have no ®xed formula mass and mass concentration is therefore used. Sometimes, use of amount concentration for endogenous analytes can cause confusion in assessing dose, as may have happened with neonatal manganese supplementation. 10 Most of the clinical pharmacological/ toxicological literature uses mass concentration. Pharmacokinetic parameters are calculated in terms of mass. Balances are calibrated in terms of mass. People make mistakes in converting to moles. Mass concentration is easier to explain to a jury than amount concentration.
Most laboratories reporting results to the UK National External Quality Assessment Scheme (NEQAS) for paracetamol and salicylate (72% and 74% of laboratories, respectively) use mass concentration (mg/L) rather than amount concentration (mmol/L), although a minority use other units for reporting clinical results (see Table 1 ). Similarly, most laboratories reporting results to the Healthcontrol EQA scheme for ethanol (UK NEQAS), paracetamol and salicylates (86, 62 and 60% of laboratories, respectively) use mass concentration (see Table 2 ). Note that the number of laboratories submitting paracetamol returns to the UK NEQAS (about 193) is larger than the number submitting returns to the Healthcontrol scheme (about 100) and that the latter include a number of continental European laboratories (J Wilson, personal communication). In the UK some 15 years ago, most (58%) laboratories reported the results of plasma drug measurements in mass concentration. 11
PARACETAMOL ± THE OPTIONS
There are two separate questions to be decided. The ®rst is whether to use amount concentration or mass concentration. The second is the question of the units to be used. For amount concentration this might be millimole per litre (mmol/L), for example. For mass concentration the units might be milligram per litre (mg/L).
One solution could be to give the results of all plasma paracetamol measurements in mass concentration (mg/L) with the amount concentration (mmol/L) given in brackets [note that (x mg/L)2 (0´00662 mmol/mg)=(y mmol/L)], or vice versa, on written reports. This would alert clinicians to the need to make sure that the result was matched to the appropriate nomogram. Unfortunately, this would cause problems when giving telephone reports, so there seems no choice but to attempt to reach a consensus.
If amount concentration (mmol/L, say) were adopted for reporting plasma paracetamol measurements, a number of toxicological analyses would continue to be reported in mass concentration. Other organizations such as forensic laboratories would continue to use mass units. The pharmaceutical industry would continue to use mass units. Drugs would continue to be prescribed in terms of mass.
Standardization on mass concentration (mg/L) for paracetamol would cause much less disruption to existing services than changing to amount concentration (see Tables 1 and 2 From June 1999 only the units mg/L or mmol/L were allowed for reporting paracetamol and salicylate results to the scheme. endogenous analytes used as drugs or nutritional supplements, the option of using either amount concentration or mass concentration would remain, although it would be prudent to cite the mass concentration in written reports. 10
CONCLUSION
The International System of Units for Weights and Measures 7 is a logical system, although it labours under some historical inconsistencies. 6 Clinical science is not alone in failing to implement the system in full. 12 That said, we owe it to future patients to agree on the units to be used to report plasma paracetamol for the foreseeable future. We suggest that plasma paracetamol should be routinely reported in mass concentration (mg/L).
